The new flexible facility is proposed to be constructed at the photoinjector PHIL at LAL, Orsay. The proposed setup will provide a powerful tool for wide range of R&D studies of different detector concepts using "monochromatic" samples of low energy electrons with adjustable energy and intensity. The main detector concepts to be studied with the new platform range from large area radiation resistant precision tracking, Micromegas/InGrid concept, and particle identification, to the beam monitoring using the bent crystal technique. The other immediate platform applications are scintillator measurements for the neutrinoless double-beta decay experiments (SuperNEMO), diamond sensor tests as profile monitors and as tracking devices for the ATF2 project. In the framework of by-product physics studies, dE/dx for non-relativistic electrons will be measured using Micromegas/InGrid detector for single primary electron cluster reconstruction. The main characteristics of the setup and simulation results are addressed in this paper.
Introduction
Development of high-granularity detectors with utmost spatial and time resolution is a key requirement for modern High Energy Physics (HEP) projects, such as the Large Hadron Collider (LHC) experimental setups and their future upgrades as well as the International Linear Collider (ILC) project. Development and tests of new detector concepts, prototypes and large detector systems require particle sources with precisely known characteristics such as particle type, energy, arrival time and position.
We propose to construct a new facility at the photoinjector PHIL [1, 2] that will yield samples of low energy electrons with adjustable energy and intensity. It will provide a powerful tool for broad R&D studies of different detector concepts. It will serve as a unique flexible source of low energy electrons with precise timing and adjustable multiplicity and energy parameters. This facility will complement the conventional test beam facilities, where availability in test resources is often compromised between many competing groups. Higher electron energies are preferred and no easy energy change/adjustment is often possible, and ultimately intensive radioactive sources, 106 Ru or 55 Fe, with limited range of accessible energies and in the case of 106 Ru limited lifetime. This approach thus provides a unique opportunity to comprehensively characterize the newly developed technologies. Along with the Micromegas/InGrid [3, 4, 5] R&D and development of other tracking detector technologies, the prototype studies for beam monitoring, novel particle identification approaches and extended energy range measurements of the scintillator materials demand a new testing resources.
The full GEANT4 simulation of the facility is performed.
Versatile facility to provide low energy electron samples
The proposed setup aims at providing samples of "monochromatic" electrons with adjustable energy between several hundreds of keV and 5 MeV, and intensity (number of electrons in a sample) varying from few electrons to a large number of electrons comparable to that in the initial PHIL bunches. The energy spread is adjusted by the collimator openings, and spreads better than 1%. This will be achieved for the samples of the energy of 1 MeV with intensities of few 10 3 or less. The photoinjector PHIL produces bunches of electrons with energy of 3 MeV (to be increased up to 5 MeV, and then 8 MeV) of 10 8 (to be increased up to 10 10 ) electrons per bunch. The Al beam plug will be installed at the end of the beam pipe on the way of the PHIL electrons in order to smear the initial beam energy. The full Geant4 simulations indicate that for the inclination angle of about 0.5 rad, possible sample intensity reaches the plateau for different sample energies as well as for different plug thickness values. The first set of collimators, located at the entrance to the magnetic field area, selects unique direction of the electrons entering the magnetic field area. The electrons make a halfturn in the magnetic field inside the vacuum chamber. In this way the field value (or the position of the detector) will define the energy of the electron sample. Both collimator sets, located at the entrance and at the exit from the magnetic field area, will adjust the intensity and the electron energy spread. The simulations shows the primary vacuum of 10 -3 bar to be sufficient in order to have multiple scattering less than that caused by the initial spread in the direction of electrons. The entrance and exit windows of the vacuum chamber are produced from 20-μm thick aluminum foil.
The lead shield protects the detector test area from the background which consists mainly of by scattered electrons and bremsstrahlung photons.
The main detector concepts to be studied with the new platform range from the large area radiation resistant precision tracking, Micromegas/InGrid concept (proposed R&D program in the framework of the RD51 [6] collaboration at CERN), and particle identification, e.g. studies of TOFCherenkov detectors [7] , to the beam monitoring using bent crystal technique within the UA9 project [8] . The testing platform can be used for scintillator measurements for the neutrinoless doublebeta decay Super-NEMO experiment [9] , SIPMED project, diamond sensor tests as profile monitors and as tracking devices for the ATF2 project [10] and SiPM characterization. In the framework of byproduct physics studies, dE/dx for non-relativistic electrons will be measured using the Micromegas/InGrid detector for single primary electron cluster reconstruction.
Photoinjector PHIL
The "PhotoInjector at LAL" is a new electron beam accelerator at LAL. This accelerator is dedicated to tests and characterization of the electron photoguns and high frequency structures for future accelerator projects (lepton colliders of next generation -CLIC, ILC). This machine has been designed to produce the electron bunches of low energy (E < 10 MeV), small emittance (ε ≈ 10 π·mm·mrad), high current (charge nearly 2 nC/bunch) electron bunch at low repetition frequency (<10 Hz) [11] . At the end of the accelerator, the normalized emittance is about 4 π·mm·mrad. The bunches are well firmed in time (laser pulse FWHM duration of 5 ps). PHIL is currently the 6-meters long accelerator with 2 diagnostics beam lines (see Fig. 1 ). In 2010, three other phosphorescent YAG:Ce screen monitors were installed on PHIL. The first one is mounted at the entrance of the dipole. It provides important information on the beam behaviour just before the dipole magnet, which is used to adjust the beam for the mean and energy spread measurement on the deviate line. Each phosphorescent screen is complemented with a versatile optical system (made of one or more achromatic lens) and a Gigaethernet CCD camera (2 with 1/3'' sensor format with 7.4 μm pixel size and 2 with 1/2'' sensor format with 4.65 μm pixel size). The CCD dynamic range is 8 bit. In order to avoid pixel saturation during the measurement a remote control optical density wheel is mounted in front of each camera.
GEANT4 simulation of the facility
The comprehensive GEANT4 [12] simulations of the setup provides a proof of principle and are used to optimize the design of the collimator systems, vacuum chamber, magnet and detector area shielding, as well as the beam plug thickness. The ultimate goal is to provide best possible energy resolution and flexibility in terms of energy and yield of the samples. Figure 3 for different absorber thickness.
Different plug thicknesses favours different energy samples, so that it is necessary to produce several plugs of different thicknesses. For example, the highest yield of 1-MeV/c momentum electrons is obtained using 7-mm thick absorber (see Fig. 3 ).
Simulating of samples of 10 8 electrons with sufficient accuracy is expensive. In order to provide a reasonable approximation for 1-MeV samples, the electrons were emitted after the absorber in the 15-degree solid angle with energy uniformly distributed between 0.5 and 1.5 MeV. These simplified settings reduce computation time and give possibility to quickly test geometry modifications and obtain estimated momentum spectrum. The openings are set to be 1 cm and 1.4 cm for the first and the second system of collimators respectively (see Fig. 4) . One of the spectra with described settings is shown in Fig. 5 . Table 1 shows the intensity, RMS, and Gaussian sigma for different collimator openings. As expected, the intensity and energy spread depend on the collimator openings.
The comprehensive GEANT4 simulations is performed for the collimator openings of 1 mm in the first collimator system and 1.4 mm openings in the second one (see Fig. 6 ). Significantly higher background from the bremsstrahlung photons at the low momentum part of the spectrum is observed with respect to the one, obtained with the simplified settings. The origin of these photons is multiple Compton scattering.
In addition, the background electrons are observed and attributed to the residual bremsstrahlung rays. 
Summary
A new versatile platform will be constructed at the photoinjector PHIL at LAL, Orsay. It will provide a powerful tool to test particle detectors using "monochromatic" electron samples of low energy with adjustable energy and intensity. The main principle of the setup is the selection of the "monochromatic" samples from the half-turn of electrons in the magnetic field. The GEANT4 simulations of the facility are performed. The electron samples of momentum of 1 MeV/c are studied. The required energy spread is obtained with the estimated yield of the samples from the several tens to several thousands with initial intensity of 10 8 electrons per bunch and sigma is varied from 10 to 30 keV depending on the collimator adjustments.
The obtained spectra have small contribution from the electron background in a wide momentum range and the bremsstrahlung photon background in the low momentum part of the spectra. The design will be further optimized in order to suppress the observed background level.
